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AERODYNANIIC CHARACTERISTICS” OF N. A. C. A. 23012 AND 23021 AIRFOILS WITH
20-PERCENT-CHORD EXTERNAL-AIRFOIL FLAPS OF N. A. C. A. 23012 SECTION

By ROBEILT C. PLAm and IRAH. ABBOm
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The re-swlt8of an hmxdigation of the geruira.1aero-
dynamic churactetitics oj the N. A. C. A. I?3015 and
29021 airfoiik, each equipped m.th a 0.20c e&mwzl-
ai@il j?ap of N. A. C. A. 23013 8ection, are pr~enki.
~h6 tests were made in the N. A. C. A. 7-by 10#oot and
rariubkdenkty wind tunne18 and covered a range oj
Rwold-s Numbers tluztincluded vaks corwponding to
tho8efor hnding conditi.orwof a wide range of airphm.es.
Be3ide8 a d-eterminaiionof tlu variation of lift and dr~
chura.derhtics m.th position of the $ap relative to the

main airfoil, complete aerodynamic charackn%ics ~f the
airfoil--p combindon wdh a$ap hinge axis selectedto
gim small hinge moment8were meusuredin the two tun-
w.!.8. Some meaaurenuti of aix Lm4i8on thejlzp itsdj
in t?u presence of tlw wing were ma& in the 7- by 10-foot
wind tunnel.

From the o?aia obtained, the erternul-ai~oi.l jl.ap in
combination with an ai@-il appears to be one of the most
genwally saiisftiwy high-lift ties investigatedto dute.
T?Mcombindon tested o$ers a re+?utivelyhigh value oj
maximum lift coew with low projile drag in the high-
l~t range. At low li$ coe@i-enis it gives very nearly w
low vidu.eaof prom drag as a good plain airfoil of com-
parabk thickness. Structural and stabilitg problem
oxsocided &h the /urgenegaiwe pitching momeruk oc-
curring at high lifi coew may be slightly grea&
thun in thacase of ordinary and split j%ps.

INTRODUCTION

Consideration of the external-airfoil flap as a high-
lift device indicates that it maybe generally applied to
improve airplane performance. Previous investiga-
tions of this device (see reference 1) have shown that
it is capable of developing high lift coefficients and
that it gives lower drag at these high lift coefficients
than ordinary or split flaps. Thus it may be more
favorable to such items of performance as take-off and
ceiling. In addition, it can be balanced to have very
low operating moments throughout its range of deflec-
tion and, if large adverse yawing moments are aceeph
able, it may be used to obtain lateral control while

still extending over the full wing span aa a high-lift
~evice.

Good aerodynamic characteristics have been ob-
tained with an external-airfoil flap of Clark Y section
(reference 1), especially when used in connection with
J main iirfoil of N. A. C. A. 23012 section. Consider-
~tion of known scale effect and drag characteristics of
the Clark Y and N. A. C. A. 23012 airfoils indicated
that substituting the N. A. C. A. 23012 section for the
Clark Y section of the flap might improve the speed-
rrmgeindex of the combination. In addition, the smrtll

(II) Survey d tkp msitions.

(b)Balanced hinge axk.
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A 0.251W0.240cr
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FIQUEEl.—Fla@wttins detdk The N. A. 0. A. WJ12 airfofl with 03k- N. A
O. A. ‘ZiO12ertmd-akfotl IMP. ‘

center-of-pressure travel of the N. A. C. A. 23012 air-
foil indioatid the possibility of hinging it as a flap in
such a manner that operating moments lower than
those of the Clark Y flap r@ht be obtained.

A preliminary investigation of the N. A. C. A. 23012
section used for both the main airfoil and the flap w-as
made in the 7- by 10-foot wind tunnel to determine.
the variation of lift and drag characteristics with
position of the flap relative to the main airfoil. A
hinge-axis location intended to give low operating
moments and good aerodynamic characteristics was
then selected and ii.nalforce tests were made with the
flap hinged at this position and set at various angles.
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The teats in the 7- by 10-foot wind tunnel were con- number of flap angles were investigated to determine
eluded with a determination of the air loads and the the values of cL_ and CD.,. obtainable at each flap
hinge moments on the flap. position. In these tests the flap was hinged at tho

A series of tests with the flap set at a few selected center of its Ieading-edge arc.
angles was made in the variabledensity tunnel to On the basis of results obtained from the foregoing
determine the full-scale chmacteristim of the airfoil- teda, a new hinge axis giving reduced flap hinge
flap combination developed in the 7- by 10-foot wind momenti and optimum aerodynamic characteristics
tunnel. Tests were then made of the N. A. C. A. 23021 at the various flap-angle settings was selected. The
airfoil with the N. A. C. A. 23012 flap, using the same model with the flap hinged about this point, designated
hinge-axis location as with the N. A. C. A. 23012 air- axis 1 in figure 1 (b), was used in a series of fhd force
foil. Although no tests of the combination with the tests to determine the lift, drag, and pitching-moment
N. A. C. A. 23021 airfoil were made in the 7-by 10-foot characteristics of the airfoil-flap combirmtion ut the
tunnel, analysis of the data of reference 1 indicated that various flap-angle settings. The tests were conducted
the same flap hinge axis was optimum for either airfoil. in accordance with standard force-test procedure in
The variabledensity-tnnnel tests covered a range of the 7-by lo-foot wind tunnel at a dynamic pressure of
Reynolds Numbers representative of the landing con- 16.37 pounds per square foot, corresponding to n speed
ditions of most modern airplanes. of 80 miles per hour in standard air. The uverage

FIGURE2—-Mc-Mamngedfor&a@cmd kls fn tbe 7-by I@fwt tind tn

APPARATUS,MODELS,AND TESTS
The tests were made during the summer of 1935 in

the N. A. C. A. 7- by 10-foot and variabkhmsity wind
tunnels. Descriptions of the tunnels and the standard
test procedur~ appear in references 2 and 3.

The model tested in the 7- by lo-foot wind tunnel was
a rectangular airfoil of laminated mahogany having a
span of 60 inches and a chord of 10 inches. The flap
was a duralumin airfoil with a span of 60 inches and a
chord of 2 inches. Fittings attached near the trailing
edge of the airfoil supported the flap in any dcsi.rcd
position relative to the airfoil. The h’. A. C. A. 23012
airfoil model was the one used for the tests described
in reference 1; likewise, the method of supporting the
flaps, the program of testing, and the method of analyz-
ing and presenting results were similar to those of
reference 1. Figures 1,2 and 3 are sketches and photo-
graphs of the models.

Teats in the 7- by 10-foot wind tunnel were fit made
to determine the variation of CL_ and C~={. of the
airfoil-flap combination with the flap hinge located at
each of the positions shown in figure 1 [rL);a sufficient

ml. The alrfoll mounted on tbe kakncq the tip mSKUIItdYSUPPOrtOd.

i%t Reynolds Number based on the 12-inch chord
(wing chord +flap chord) of the model was approxi-
mately 730,000.

The variation with flap angle of flap hinge moment
about axis 1 at. a series of angles of attack waa deter-
mined by measuring the twist of a calibrated rod
attached to one end of the flap, which for this test was
hinged freely on its supports. For reasons that will
appear later, additional hinge-moment measurements
about an axis slightly ahead of axis 1, designated axis 2
in figure I (b), were also Pade. Air loads on the fhp
itself were determined by supporting the flap separately
in the correct position with respect to the main airfoil
and measuring forces on the main airfoil alone. The
flap loads were then readily computed by deducting
the loads measured on the airfoil alone with tho flap
in the correct position from the forces measured on the
combination in the previous force tests. Figure 2
shows the model arranged for flap-load measurements
in the 7- by 10-foot wind tunnel. Similar mmsure-
ments of flap loads and hinge moments on split flaps
and I?owlerflaps are described in references 4 and 6.
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The models tasted in the variable-density tunne
consisted of two duralumin airfoils of N. A. C. A
23012 and N. A. C. A. 23021 sections wing N. A. C. A
23012 flaps made of stainks steel. The span of th[
models was 30 inches and the sum of the wing anc
flap chords, 5 inches. Small hh.ge brackets (@. 3

* were used to attach the flap to the main airfoils
Standard force tests were made at a Reynolds Numbe]
of about 3,000,000 (effective Reynolds Number aboul
S,000,000) of the combination using the N. A. C. A
23012 section for the main airfoil with flap angles oj
—3°, 20°, 30°, and 40°. Simiiar tests with flap anghx
of —3° and 30° were made of the combination W@
the N. A. C. A 23021 section for the main airfoil
Both combinations -weretested inverted with the flq
sot at —3° (fuqglefor minimum drag) to extend th[
characteristics through the negative-lift range. Maxi-
mum lift cmflicienta were also obtained for boti
combinations at lower values of the Reynolds Number

PRECISION

The precision of force and load teds in the 7- by
10-foot wind tunnel is completely&cussed in referencti
1, 4, and 5. A discussion of prection of force tests in
the variable-density tunnel appears in references 3, 6,
and 7. It is believed that the present test results may
be considered free from any serious consistaut erron
and that they may be applied with normal engineering
accuracy to free-flight condition at the stated valuw
of effective Reynolds Number.

RESULTSAND DISCUSSION

Form of presentation of results,-All test results
have been reduced to standard nondimensiomd coeffi-
cient form based on total wing areas (sum of areas oj
airfoil and flap) and on total chord c (sum of chords of
airfoil and flap), except the flap-load coefficients, which
are based on the dimensions of the flap itself. The
special coe5cients used are defined as follows:

Subscript w refets to the main airfoil.
Subscript refers to the flap.

~~l=force on flap normal to flap chord
&

~Cl=force on flap paralIel to flap chord
qsf

~f, %~le between wing and flap chord lines, degrees.
c ~(=.C.!O,pitching-moment coefficient computed about

the aerodprunic center determined for the airfoil-flap
combination with the flap set at the+minimum-drag
angle.

Standard corrections for the effects of je&boundary
and static-pressure gradient in the 7- by 10-foot wind
tunnel were applied to the test results. Although the

nominal aspect ratio of the model having a span of
60 inches and a total chord of 12 inches was 5, the
resultshave been corrected and are pr~ented for aspect
ratios of 6 and infinity. Irdinite aspect ratio data are
further corrected to an effective Reynolds Number to
allow for the effects of air-stremn turbulence, as ex-
plained in references 7 and S.

The data obtained in the variable-density tunnel
have been corrected in the usual manner (references 3,
9, and 10). The results are presented for an aspect
ratio of 6 and as section data. The section character-
istics, which have been corrected to the effective
Reynolds Number and for the effect of rectangular
tips (references 9 and 10), are distinguished from the
~ characteristics by the use of lower-cam letteraj

cljcd~?c~a.c.

Drag data obtained in both tunnels have been corrected
by deducting the drag of the flap supports, estimated
from tests with dummy supports. This correction
was very small, vmying in magnitude from Oto 0.0006
at small and moderate values of the lift coefficient.

Determination of optimum flap hinge axis,-Results
of the first series of teste in the 7- by 10-foot wind
tunnel are given in figure 4. Contoum showing the
variation of Chm with flap position at various flap
angles appear in the figure, as well as contoum of
c ~=,x with the flap angle varying from —2° to —4°.

A balanced hinge axis for the flap was selected by
investigating the characteristics of the wing-flap com-
bination with the hinge axis near the 0.25 CJpoint
on the flap, where the flap hinge momenta should be
reduced to very small values. A profle of the flap
drawn on transparent paper ww laid on the various
contour sheete and rotited about each of a series of
hinge axes near the 0.25 Cf point on the flap and in
various positionE relative to the main airfoil; this
procedure permitted the appro.simate determination
of the values of C%a ~d CD.,. obtiable with the
various axis locations. Hinge axis 1 (fig. 1 (b)) was
hilly selected as giving the best, compromise between
the requirements of low hinge moment, high OLWdz,
and low C~=iZ. The flap ~gk% fOr CGU ~d cDm(n

were 30° and —3°, respectively, and the loss of lift
md drag characteristics incurred by hinging the flap
mtthis axis was within the limits of accuracy of the
tests in both cases.
‘ Aerodynamic characteristics of seleoted airfoil oom-

bination.-Standard aerodynamic characteristics of the
gelectedarrangement,as determined in the 7- by 10-foot
wind tunnel, with the flap set at anglea of —10°, —3°,
)0, 5°, 10”, 20°, 30°, rmd 40° are shown in figures
j to ‘!J2, respectively. Similar data for the plain
N. A. C. A. 23012 airfoil used in the teats are shown
n figure 13.
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It should be noted that the optimum flap angle for The results presented for the erect and inverted
cruising and high-speed flight is not necessarily —3° teds (&g. 14, 15, 19, and 20, and table I) overlap to
but may vary somewhat with the lift coefficients some extent near zero lift and are not in strict agree-
corresponding to these speeds. The optimum angle ment; the pitching-moment coefficients about the
for each design should probably be determined by aerodynamic center, the positions of the mrodynamic
flight test on account of possible variations resulting center, and the values given in table I for the J.iWcurve
from such factors as the effect of attitude on fuselage slope, and for the angle of zero lift (indicated by the
and interference drag, the effect of pitching moment lift-curve slope) as obtained from the erect and in-
on tail drag, scale effect, and the variation with
coefficient previously mentioned.

lift verted tests diifer somewhat. These apparent dis-
crepancies in table I arise from the fact that the

m m//;///1.503

/. 55&&5

(a)
.55 Im IQ5

x ,percmf Cu

J. 750

i

-— -— _

I
f.m- ~

(b)
S5 Iw la5

x,percent G

-— -— -

1,(c) 1 , 0 1

S5 109 105
x,percenf C

1. 7LW I

(d)
s

t 1 ! 1 1 ,
s Im 10.5

x ,percent G

o .— ——

(3
;
al

-5:
Q 70110
5

(f) , , ! 1 t I
s Im 105 Q5 Im IC5

x ,percent & x ,percent c.

($ CL-CS; hp U@, ~. (f) cDmim.
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Standard Iarge-scde aerodynamic characteristics of previously mentioned constants have been selected to
the N. A. C. A. 23012 airfoil with the N. A. C. A. give reasonably good agreement with the test results
23012 external-airfoil flap hinged at axis 2 (fig. 1(b)) at moderate positive and negative rmgles of attack.

at angks of —3° (upright and inV(3Hkd),20°, 30°, and The chsractmistic curves may be faired together at

40° as obtained in the variable-density tunnel are zero lift, giving preference to the positive-qje data;

shown in figures 14 to 18. Similar data for the or the positive-angle data may be employed in the

N. A, C. A. 23021 airfoil in combination with the immediate neighborhood of zero lift.
Discussion of airfoil characteristics.-The high values

N. A. C. A. 23012 external-airfoil flap set at Ugles of the maximum lift coefficient obtained, 2.37 for the
of —3° (upright and inverted) and 300 appem in fl~es N. A. C. A. 23012 airfoil with flap and 2.41 for tie
19 to 21. Important characteridix of tie ho tioil- N. A. C. A. 23021 airfoil with flap at an effective Rey-
flap combinations tested in the variable-de~i~ tunnel nolds Number of about 8,000,000, compare favorably
ore summarized in table 1. with those obtained for most other high-lift devices.
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The minimum drag coefficknts obtained for both curves show the effects of scale on the characteristics
airfoil-flap combinations indicate a alight favorable plotted. It will be noted that the scale-effect curve for
interference between the airfoil and the flap. The the maximum lift coefficient of the N. A. C. A. 23012
values obtained at au effective Reynolds Number of airfoil-flap combination as determined in the vrwiable-
about 8,000,000 were 0.0069 and 0.0097, respectively, density wind tunnel has a discontinuity at an effective
for the combinations using the N. A. C. A. 23o12 and Reynolds Number of about 1,700,000. The point
the N. A. C. A. 23021 airfoils for the main airfoil sec- obtained in the 7- by 10-foot wind tunnel at an affec-
tions. These values are lower than those obtained for tive Reynolds Number of only 1,000,000, however,
the N. A. C. A. 23012 and the N. A. C. A. 23021 sec- lies on the extension of the curve obtained in the
tions alone, which have minimum drag coefficients of variabledensi~ wind tunnel at higher Repolds Num-
0.0071 and 0.0101, respectively (reference 10). Air- hers. OnIy two points were obtained for the combina-
foils of the N. A. C. A. 230 series of lower thiclmess tion using the N. A. C. A. 23021 section for the main
ratios having tie same maxhnum thickness for the airfoil in the vmi.abbdensity tunnel, but for this
same chord as the combination tested at?ord, however, case aIso it appeara that a similar discontinuity may
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a better comparison. One such section is the N. A.
C, A. 23010 predicted to have a minimum drag coef-
ficient of 0.0067 and another is the N. A. C. A. 23018,
which has a minimum drag coefficient of 0.0091 (ref-
erence 10). These values are slightly lower than
those obtained with the comparable wing-flap com-
binations.

The variations of maximum lift and minimum drag
coefficient with effective Reynolds Number are shown
in figure 22. The data plotted in this figure are not
corrected for hinge tares or for the effects of rectartgu-
lsr tips because these corrections were not lmown with
certainty at all values of the effective Reynolds
Number. The values plotted differ, therefore, from
the fully corrected values giv~ elsewhere, but the

exist, as evidenced by the low maximum lift coefficient
obtained at an effective Reynolds Number of 3,800,000.

An explanation of this phenomenon and the appar-
ent diilerence between the results from the two tun-
nels is indicated by the fact that the observed discon-
tinuity tends to appear at a constant value of the test
Reynolds Number rather than of the effective Reyn-
olds Number. As pointed out in reference 8, tho
concept of effective Reynolds Number is applicable
only when the scale effect is determined mainly by the
influence of the transition from a laminar to o turbulent
boundary layer. In the present case the flow through
the slot probably is the important factor and depends
upon the bound~-layer thickness relative to the slot
size, which in turn is more nearly dependent on the
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test Reynolds Number than on the effective Reynolds
Number. Interpreted on this basis, the app~ent con-
flict between the results obtained in the variableden-
sity and the 7- by 10-foot wind tunnels disappears,
and it is probable that wings in flight will show the dis-
continuity, if at all, at values of the Reynolds Number
lower than the effective values at which the discontinui-
ties occur in the variabledensity tunnel.

The scale effect on minimum proiile drag, as shown
in figure 22, is about the same for both combinations.

Flap loads.—The variation of flap normal force, flap
chord force, and flap center of pressure, with lift
coefficient of the airfoil-flap combination is show-n in
figure 23. These data are in no case extended to the
maximum lift coefficient of the combination at the flap
angle in question on account of erratic points obtained
in the tests. The data indicated that, with the flap
supported separately, either the main airfoil or the flap
had a tendency to std prematurely, rendering the values
in the region of &, inconsistent and unreliable.

The variation of flap hinge-moment coefficient C.,
with flap angle about the two hinge-axis locations used
is shown in figures 24 and 25. It will be noted that the
flap is slightly overbalanced between angks of —5’
and —10° when hinged at axis 1. Although the over-
balance does not occur in the normal flap-operatiq
range (—3° to 300), it seems likely that overbalanw
might occur in operation of the flaps as ailerons with
a neutral setting of —3°. l?or this reason the second
location, axis 2 (@g. 1), was selected and used for furthel
hinge-moment tests. This hinge axis is exactly ]
percent of the flap chord ahead of axis I. Even with
this axis, some slight degree of overbalance remaim
although it is considerably less than that encountered
with axis 1 and is not considered likely to cause aileror
overbalance in the high-speed condition.

Since the tests in the variabledtity tunnel wer(
based on the results of the 7- by 10-foot wind-tunnti
tests, it wwsconsidered desirable to use flap hinge &
2, which seems slightly more satisfactory than 1, ir
the vrmiabledensi~-tunnel tests. Inasmuch as tk
flap was hinged at axis 1 for the 7- by 10-foot wind
tunnel tests, there is a slight discrepancy of flap positioI
between the final force tests in the two tunnels. Th~
rate of variation of lift and drag characteristics witl
flap position, m shown in figure 4, indicates, however
that the effect of this difference on the iinal force4.es
data may be regarded as negligible.

General features of combinations of airfoil am
external-airfoil flap,-The present external-airfoil fla]
combinations appmr to have as many desirable aero
dynamic chmncteristica as other good high-lift devica
tested up to the present. They give a high maaimun
lift coefficient and a low minimum cl.mgcoefficient; il
these respects, however, their merit is approximatel~

,equal to that of such a device as the split flap. At th(
same tiie they give a much lower value of drag coeffi

;ient throughout
[ap is set at the
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the high-lift range, provided that the
proper angle, than do split flaps. II

Llarge drag at a high lift coefficient is desired to obtain
taep gliding ability, characteristics approaching those
If the split flip can be obtained by deflecting the
dernal-ahloil flap to larger angles than the optimum,
hus causing the flap to stall and to give large increases
jf proiile drag. A different hinge axis, selected with
his characteristic in mind, should give large available
dues of profile drag at high lift coefficients without
ntailing much increase in the minimum values of
moiiledrag obtainable throughout the lift range.

Another feature of external-airfoil flaps is the powi-
]ility of deflecting them as ailerons, while they cover
he full span of the wing as a high-lift device. As
mplained in reference 1, disadvantages in connection
tith overbalance when the ailerons are deflected differ-
mtially and with large values of adverae yawing

~,~ o
4 6 810

Effegfve R&nokYs Nmber in rnlll&s

Fmums !21-Scale offeot on N. A. O. A. 2W2 and N. A. O. A. ~ e.lrfofb wfth
OJW. N. L O. L 2241z extmna~ofl flap. Ml wines uncmrmted for binge
tares and for effed of r@an@ar tIIM.

moment render their value as a lateral~ontiol arrange-
ment doubtful. Unfortunately the use of the full-span
flap for glide control, as suggested. previously, is in-
compatible with its use as a lateral-control device. An
arrangement using the tip portions as combined aile-
rons and flaps, with the center portion capable of being
deflected to much larger angles for glide control,
appeaxs to offer a possibility of combining these various
features, provided that the large values of adverse
yawing moment are acceptable.

With the data available at present, it is possible to
determine the relative merit of the Cldi Y and the
N. A. C. A. 23012 airfoil sections for use as external-
airfoi.1flaps on the N. A. C. A. 23012 main airfoiI.
Comparison of the results in this report with those of
reference 1 indicates that the combination with the
N. A. C. A. 23012 flap has appreciably lower drag
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throughout the whole lift rsmge. The values obtained
in the 7- by 10-foot wind tunnel of the speed-rmge
hd~ OL~JOD~i~, which may be considered repre-
sentative of the relative merit of the two arrangements,
are 192 for the N. A. C. A. 23012 flap on the N. A. C. A.
23012 airfoil and 174 for the Clark Y flap on the N. A.
C. A, 23012 airfoil. Although the combination with
tho Clark Y flap gives a slightly higher maximum lift
coefficient, it is apparent horn the value9 of the speed-
rrmge index that the general maximum lift and mi&
muin drag characteristics of the combination with the
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Reynolds Nmnbeq S@Mj@J.

N, A, C. A. 23012 flrtp are more favorable. A study
of the contour curves for maximum lift and minimum
drag in this report and in reference 1 shows that the
variation of optimum position of the flap with flap
angle is more favorable for obtaining a hinge position
giving low operating moments without sacrificing per-
formance characteristics in the case of the N. L. C. A.
23012 flap than in the case of the Clark Y flap.

A comparison of the N. A. C. A. 23012 external-
airfoil flap in combination with N. A. C. A. 23012 and
N. A. C. A. 23021 airfoils, with the plain airfoils of
comprwable thickness equipped with split flaps is shown

n figures 26 and 27. The polar curves for the flap
mmbinations are envelope curves of the series of
)olam obtained at the various flcip-angle settings,
hs giving at each lift coefficient the minimum profle-
irag coefhcient obtainable from the airfoil-flap com-
bination. The envelope curves for the splitAlap com-
binations were constricted from data obtained from
‘eference 11 and horn unpublished tests in the variable-
hmsity tunnel. In the case of the plain airfoil equipped
witha split fla~, no reduction of profile-&g coef6cient
s obtained by deflecting the flap except at lift coeiii-

1 I
.20 —A!A.CA. 2302/ oitioil ond h!A.CA.

23012 exfernol-oirfoilflop m I

t-
c&J Ca..in = 249

‘Ithlh!A. CA. 23018 oirfoil ——

FIGUEE2i’.-Compedmn of N. A. O. A. = ahfoff and WiOc. N. A. O. L z&912
13xkUl@8hfOiftip with N. A O. A. 2301Sairfoil and OLUc.@ft tip. Effective
Reynolds Nnmher, &2@3,fOl

~ients very near the maximum for the plain airfoil.
I’he curves, therefore, show also the comparison of the
>xternal-flap device with a plain wing. Since the
N. A. C. A. 23012 airfoil with a 0.20c N. A. C. A.
23012 external-~oil flap has a maximum thickness
Bqualto 10 percent of the over-all chord, it is considered
iirectly comparable with the N. A. C. A. 23010 airfoil
in that wings of these two types, having the same plan
form and area, would have the same maximum tick-
ness. The same is true of the N. A. C. A. 23021 airfoil
with the N. A. C. A. 23012 external-airfoil flap in
comparison with the N. A. C. A. 23018 plain airfoil.
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From the data appeaxirg in figures 26 and 27, the
advantages of the external-airfoil flap over other @pea
of high-lift flaps in general use at present are immedi-
ately appment. The results show that, for flight at
any lift ccefficiant above approximately 0.7, a wing
with an external-airfoil flap is superior either to the
comparable plain wing or to one equipped with a split
flap. Since the maximum rate of climb of most air-
planes occurs at an air speed corresponding to a lift
coefficient near 0.7, it is apparent that the external-
airfoil flap has no adverse effect on the maximum rate
of climb, provided that other factors aflecting the &ue,
such as ~W loading and span, are the same for the
types of wing arrangement being compared. It iE
further apparent that for an airplane of a given power,
weight, wing area, span, and general “leanness’> the
external-airfoil flap may give appreciable improvement
over the plain wing in such performance features as
take-off, angle of climb, ceiling, rmge, endurance, and
minimum rate of descent, all of which may involve
flight at lift coefficients in tmceMof 0.7. This feature
may be particularly useful in increasing the single-
ongine ceiling of multienginedaircraft and in permitting
such airplanes to maintain flight at lower speeds, in
-ta@ng off for example, than would otherwise be
possible with one engine stopped.

As far as manual. operation of the flap in flight is
concerned, the extermd-tioi.l flap should be consid-
erably superior to such device-s as ordinary flaps and
unbakmeed split flaps on account of the low values of
hinge moment that can be obtained throughout the
operating range. If some degree of overbalance may
be tolerated in caseswhere the flaps axenot also used as
ailerons, ccnsidarably more reduction in hinge moment
should be obtainable by moving the flap hinge axis
farther back on the flap chord without any loss of
perfonmmce characteristics. Comparison of the hinge
moments obtained for either of the present flap hinge
axes with the data of reference 11 indicates that this
arrangement of the external-tioil flap requires about
one-third the operating moment of comparable sizes
of ordinary flap throughout the normal range. This
ease of operation should facilitate adjustment of the
glide path in approaches to a landing and permit the
use of a direct flap-operating lever on airplanes of such

size that a more complicated mechanical drive would
be necessary for conventional flaps. Certain other
types of flap, as, for example, the Fowler or Zap,moy be
expected to give characteristics more nemly compara-
ble with those of external-airfoil flaps than do the
ordinary or split type. These other types, however,
have extra mechanical complications in that they
require some other type of motion than pure rotation,
which contributes to the ease of installation and oper~-
tion of external-airfoil flaps.

An undesirable fatme of any trrding-edge J@h-lift
device is the huge negative pitching moment that it
develops when operative. In this respect the external-
airfoil flaps are slightly inferior at equil values of the
maximum lift coefficient to ordinary or split flaps. In
addition to the structural disadvantages involved, the
problam of obtaining satisfactory balance and stability
becomes more acute because of this chaxacterietic.
These features are somewhat compensated by the
relatively small wake, indicated by the low drag, that
occurs when the deflection of the external-airfoil flaps
is less than the deflection giving the maximum lift
coefficient. The reduction of tail effectiveness due
to the low-speed wake, and incidentally the tendency
to tail btieting, should therefore be considerably less
than with flaps that are deflected to large angles at
mtium lift.

CONCLUD1~GREMARKS

From the data obttied in the present investigation,
the external-airfoil flap in combination with an airfoil
appeam to be one of the most generally satisfactory
high-lift devices investigated to date. The combina-
tion tested offers a relatively high value of maximum
lift coefficient with low profile drag in the high-lift
range. At low lift coefficients it gives very nearly as
low values of profile drag as a good plain airfoil of com-
parable thickness. Stictural and stability problems
associated with the large negative pitching moments
occurring at high lift coefficients may be slightly
greater than in the case of ordinary and split flaps. A
flight investigation of this type of device installed on a
Fairchild 22 airplane, with full-span flaps arranged to
operate also as ailerons, is now being conducted by the
N. A. C. A.
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TABLE I.—AIRFOIL DATA

[See referenoe 9 for explanation of tabulated ohmaoteristica] ,
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